ABSTRACT Hepatitis B vaccination and targeted testing for hepatitis C virus (HCV) are recommended for jails with medical services available. This study estimates hepatitis B virus (HBV) and HCV infection prevalence
BACKGROUND
Prisons and jails in the U.S. have had about two million persons within their custody annually since 2000. 1 Most previous studies of prevalence of HBV and HCV infection among incarcerated persons have been conducted in prison settings rather than jail settings, mainly for logistical reasons. 2 The prevalence of hepatitis C virus (HCV) infection among prison inmates is at least seven times greater than that of the general population, and the prevalence of hepatitis B virus (HBV) infection is at least two times greater. 2, 3 A key contributor to the increased prevalence is injection drug use, the main risk factor for HCV infection and an important risk factor for HBV infection. Although the proportion of inmates who have injected drugs is not regularly measured nationally, approximately 65% of inmates reported being regular drug users in a 2004 survey of federal and state prisons. 4 Along with increased infection prevalence, national surveillance data provide evidence for an opportunity to prevent further HBV infection, since 40% of persons with reported acute hepatitis B had been incarcerated at some time before their infection. 5 Although prevalence estimates from prison settings provide insight to what one might expect in jails, prison and jail populations are inherently different: jails hold a wide spectrum of persons, including persons awaiting arraignment, trial, conviction, sentencing, or serving short sentences in jail, while prisons typically hold convicted criminals. Most jails estimate an average length of stay of 10-20 days, while prisons typically hold inmates for at least 1 year. 6 An estimated 12.6 million admissions and 12.6 million releases from local jails in 2002 reflects a high turnover rate (1,300% in jails compared to 40% in prisons). 2 This high turnover rate illustrates the dynamic flow between jails and communities, suggesting that jails could be important venues for preventing and controlling viral hepatitis both in and outside of facilities.
The purpose of this study was to estimate the prevalence of HBV and HCV infection, co-infection with HIV, and serologic evidence of hepatitis B vaccination among incoming jail inmates in Chicago, Detroit, and San Francisco. Estimating the prevalence of infection among jail inmates provides insight into burden of disease in jails and opportunities for preventing infection and disease.
MATERIALS AND METHODS
A parent HIV seroprevalence study conducted anti-HIV testing on stored sera collected for syphilis testing of inmates entering four jails. Three of the four jails were able to provide serum samples required for the present study; these jails were located in Chicago, Detroit, and San Francisco. Blood collection originally took place at intake usually within 24-48 h of arrival to the facility. A total of 12,576 persons entered into the three jail systems and during March-April 2000 in Chicago (n=2,495), MarchAugust 1999 in Detroit (n=4,949), and June 1999-December 2000 in San Francisco (n=5,132). Of the jail entrants, 11,170 (89%) had blood collected and HIV results and basic demographic information available.
The present study conducted HBV and HCV testing on a subset of stored blood on this population. Information on demographics, previous incarcerations, reasons for incarceration, and syphilis test results were previously abstracted from medical or intake records. This study involved no contact with inmates. The parent study was approved by human subject review committees at all participant sites and at CDC. This study was approved as a nonhuman-subjects addendum to the larger study because identifying information was removed prior to testing, and no information can be linked with identifiable human subjects.
Study population and sampling methods A randomized stratified sampling scheme was used to select approximately 500 sera per site to test for HCV and HBV serologic markers. The sampling strata included jail site, sex, age, race/ethnicity, and HIV infection status. Random sampling within strata was conducted, and a final selection criterion was the availability of at least 1.5 mL of sera. No sera from anti-HIV-positive persons from Detroit (n=85) were available for testing. Due to small numbers in the jail population, anti-HIV-positive persons in San Francisco and Chicago, persons in lower and upper age categories (aged 15-19 years and 940 years), and Asians in San Francisco were oversampled to ensure a large enough sample size. Due to large numbers in the jail population, Blacks were undersampled.
Serologic testing In the parent study, a positive anti-HIV result was defined as having two reactive enzyme immunoassays and a positive Western blot. For the present study, serologic specimens were shipped from local storage sites and tested for HBV and HCV serologic markers at the CDC Hepatitis Reference Laboratory. All sera were tested for total antibodies to hepatitis B core antigen (anti-HBc). San Francisco sera were tested using the CORZYME anti-HBc assay (Abbott Laboratories, Abbott Park, IL, USA). All Chicago sera were tested using both the CORZYME anti-HBc assay and the VITROS anti-HBc EIA (Ortho-Clinical Diagnostic, Raritan, NJ, USA). The results from both assays were 999% concordant; the VITROS anti-HBc EIA results are presented in this report. Detroit specimens were tested using the VITROS anti-HBc EIA assay. Anti-HBcnegative specimens were tested for antibodies to hepatitis B surface antigen (anti-HBs) using the AUSAB EIA assay (Abbott Laboratories, Abbott Park, IL, USA); anti-HBcpositive specimens were tested for hepatitis B surface antigen (HBsAg) using the AUZYME Monoclonal assay (Abbott Laboratories, Abbott Park, IL, USA).
Results of HBV serologic testing were used to define three serostatus categories: (1) past infection (anti-HBc-positive; this definition includes persons who were infected in the past and have either resolved infection or have chronic infection), (2) chronic infection (anti-HBc-positive and HBsAg-positive; this definition could also represent recent resolving infection, but since recent, non-chronic infection is transient, this serologic finding would most likely represent chronic infection), and (3) evidence of hepatitis B vaccination (anti-HBc-negative, HBsAg-negative, and anti-HBs-positive).
All sera were tested for anti-HCV using the VITROS HCV 3.0 EIA assay (OrthoClinical Diagnostic, Raritan, NJ, USA). Specimens with a signal-to-cut-off ratio≥3.8 were considered to be positive; 7 confirmation testing using the HCV 3.0 RIBA assay (Chiron Corporation, Emeryville, CA, USA) was conducted for EIA-positive specimens with a signal-to-cutoff ratio of G3.8. HCV RNA testing to identify chronic HCV infection was not performed; among the general U.S. population, approximately 75-85% of anti-HCV-positive persons are HCV RNA-positive. 8 Statistical Analysis Analyses were weighted by assigning a multiplier to each observation that equaled the number of observations in strata of the study population divided by the number that were sampled in that strata. Chi-square analyses were used to determine statistical differences in prevalence of viral hepatitis markers; p valuesG0.05 were considered significant. The Cochran-Armitage test was used to measure trends in prevalence across ordered categories. Fisher's exact test was used to calculate upper confidence bounds around zero frequencies. Adjusted odds ratios (aORs) and 95% confidence intervals were obtained from multiple logistic regression models that included fixed effects (variables found to be significant in univariate analysis) and significant interaction terms (combinations of age, sex, race, and jail site). Interaction terms were considered significant if they yielded significant likelihood ratio tests (pG 0.05) when comparing the fixed effect model with the fixed effect model plus the interaction term; interaction terms were sequentially added if they continued to yield significant likelihood ratio tests compared to the previous model. Confounding and effect modification were further explored using stratified analysis. All data management and analyses were conducted using SAS version 9.1 (SAS Institute, Cary, NC, USA).
RESULTS
Of the 11,170 jail entrants with HIV and basic demographic information available, 1,292 (12%) were tested for HCV and HBV serologic markers. The distributions of demographic characteristics of the selected sample are shown in Table 1 ; however, these are unweighted and not meant to be generalized. HIV prevalence in the sample ranged from 0% (HIV-positive specimens from Detroit were not available for testing) to 21% reflecting oversampling of HIV-positive persons; HIV-prevalence in the parent study ranged from 1.7% to 2.6% (unpublished data).
HCV Infection
The overall weighted anti-HCV prevalence was 13% (Table 2) . In univariate analysis, anti-HCV prevalence was higher among inmates in Chicago and Detroit than San Francisco. Other factors significantly associated with HCV infection in univariate analysis included female sex, increasing age, non-Hispanic white race/ ethnicity, HIV infection, past HBV infection, and previous incarceration ( Table 2) . Persons who were previously incarcerated had consistently higher HCV prevalence than those not previously incarcerated across all age groups ( Figure 1 ). In multivariate analysis, an increased risk of HCV infection was found among persons with past HBV infection (aOR=4.44), anti-HIV-positive persons (aOR=2.51), and persons who had been previously incarcerated (aOR=2.90; Table 3 ). This model also included significant interaction terms between sex, age, race, and jail site (data not shown).
Past HBV Infection Overall, 19% of inmates had serologic evidence of past HBV infection (i.e., anti-HBc-positive) ( Table 2) . In univariate analysis, anti-HBc prevalence was higher in Chicago (19%) and Detroit (21%) than San Francisco (16%). Factors (Figure 2 ). Multivariate analysis showed an increased anti-HBc prevalence among persons who were anti-HCV-positive (aOR=4.58), anti-HIV-positive (aOR=2.94), syphilis-positive (aOR=2.10), and previously incarcerated (aOR=1.78). This model also included significant interaction terms between sex, age, race, and jail site (data not shown).
Chronic HBV Infection The overall HBsAg prevalence was 0.9%; prevalence was higher in San Francisco (2.0%) than in Chicago (0.6%) and Detroit (0.2%). In univariate analysis, HBsAg prevalence was higher among persons aged 20-29 years (1.1%) and 30-39 years (1.3%) than those aged 15-19 years (0.2%). In addition, HBsAg prevalence was higher among Asians (4.7%) and Hispanics (3.6%) than among whites (1.0%), and higher among anti-HIV-positive persons (8.2%) than anti-HIV-negative persons (0.8%).
Multivariate analysis indicated increased likelihood of chronic HBV infection among inmates: in San Francisco (compared with Chicago), aged 920 years (compared to 15-19 years old), with HIV infection, with reactive VDRL test results, and who are Hispanic or Asian (Table 3) . This model also included significant interaction terms between sex, age, and race (data not shown).
HIV Co-infection Anti-HIV prevalence in the Detroit sampled population was 0% because no sera were available from persons with HIV infection in Detroit. In Chicago and San Francisco, 0.6% of inmates were positive for both HIV and HCV; 0.7% were positive for both HIV and past HBV infection. Of persons with HIV in Chicago and San Francisco, 8.2% had chronic HBV infection and 38% were anti-HCV positive.
Syphilis Co-infection Overall, 0.8% of inmates were both syphilis-positive and anti-HCV positive; 1.4% were syphilis-positive and had past HBV infection; 0.1% were syphilis-positive and HIV-positive. 
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Not previously incarcerated FIGURE 1. Age-specific HCV prevalence and 95% confidence limits comparing previously and not previously incarcerated persons from the present jail study population.
Hepatitis B Vaccination Overall, 12% of inmates had serologic evidence of hepatitis B vaccination (Table 2) . Inmates in San Francisco had a significantly higher prevalence of vaccination (17%) than inmates in Chicago (9%) and Detroit (10%). Overall, vaccination prevalence was higher among younger inmates (35% among those aged 15-19 years compared with ≤10% in the older age groups), Asians (25%, compared with G15% among other races/ethnicities), those not previously incarcerated (16%, compared with 11% among those previously incarcerated), and syphilis-negative persons (13%, versus 3% among syphilis positive; Table 2 ). Young age (i.e., 15-19 years) was the only consistent predictor of vaccination across all jail sites (data not shown). Multivariate analysis detected no significant interactions, and all significant univariate findings were also significant risk factors after controlling for confounding (Table 3) .
DISCUSSION

High prevalences of HCV infection (13%), past HBV infection (19%)
, and chronic HBV infection (0.9%) were estimated in the three jail populations and makes a case for the need for viral hepatitis prevention activities in jails. In general, viral hepatitis prevention objectives and activities include: (1) prevent infection through vaccination and risk reduction education; (2) prevent transmission through identifying cases of acute viral hepatitis and prophylaxing (HBV) or counseling (HCV) cases and contacts; and (3) reduce liver disease through screening, counseling, medical evaluation, and treatment, if indicated. Other measures for preventing viral hepatitis transmission, such as needle exchange or condom distribution programs, have been implemented in correctional settings internationally but are not widely implemented in the U.S.; no U.S. correctional facilities have needle exchange programs, and two prison and five local jail systems make condoms available to inmates. 9 This study provides compelling data on the opportunity to prevent HCV and HBV infection among younger inmates. A dramatic increase in the prevalence of HCV infection (from 1% among 15-to 19-year olds to 39% among ≥40-year olds) and HBV infection (from 5% among 15-19 year olds to 33% among ≥40 year olds) with age was observed. While data from the 1999-2002 NHANES study of the non-institutionalized U.S. population also showed an increase, HCV prevalence at all ages was considerably smaller (from 0.01% among 15-to 19-year olds to 2.4% among ≥40 year olds, CDC, unpublished data). 10 Furthermore, 950% of inmates aged 15-29 years in this study had previous incarcerations, indicating an opportunity for jails to provide prevention interventions including education, vaccination, testing, and counseling before younger inmates become infected with HBV and HCV.
The most important factors associated with chronic HBV infection in this study were race/ethnicity and HIV infection. Higher rates of chronic HBV infection were expected among Asians (4.7%), among whom a high prevalence has been well documented. 11, 12 However, high rates among Hispanics (3.6%) was an unexpected finding since this has not been reported previously. This finding coupled with Hispanics having the lowest rate of hepatitis B immunization puts an even greater importance on ensuring awareness of the benefits of vaccination and access to vaccine.
The highest prevalence of chronic HBV infection was observed among persons with HIV (8.2%). Identifying chronic or acute HBV infection is important for preventing HBV transmission, since HBV is highly contagious, and multiple opportunities for transmission exist, such as sharing of inmate quarters, sexual activity, injection-drug 
Previously incarcerated
Not previously incarcerated FIGURE 2. Age-specific HBV prevalence and 95% confidence limits comparing previously and not previously incarcerated persons from the present jail study population.
use, and tattooing. Transmission opportunities are further increased because the majority of persons with chronic infection have no symptoms and can unknowingly transmit the virus. 13 Several studies have documented transmission among inmates in correctional facilities. [14] [15] [16] An investigation of HBV transmission in a state correctional facility found 22 inmates with acute or chronic hepatitis B, only one of whom was aware of his infection status, thus delaying treatment and activities aimed at preventing transmission. 16 The potential for efficient undetected HBV transmission is the basis for CDC recommendations that correctional facilities vaccinate all inmates against hepatitis B and consider routine testing of long-term inmates for chronic HBV infection. 2, 17 To put this into context with other estimates, HCV infection prevalence from this jail population was six times higher among jail inmates than the general civil population (1.8%); was lower compared to two other jail studies in Texas and Maryland (27% and 31%, respectively); 18, 19 and was lower compared to prison-based studies (16-41%).
2,14,19-21 HCV prevalence reflects the proportion of inmates who have injected drugs, data unavailable in this study. Knowing this would most likely explain the difference in HCV prevalence across studies. This study shows that jail entrants have a high prevalence of HCV infection compared to the general population and, together with the two previous jail studies, indicates that prevalence is comparable to that among prison populations.
The prevalence of past HBV infection in this study was almost four times the prevalence of the general civil population (5%); 22 was similar to the jail study conducted in Maryland (17%); and was within the range of prison-based estimates (14-30%). 14, 19, 23 The prevalence of chronic HBV infection in this study was twice that of the general population (0.4-0.5%); 24 was substantially lower than the study of jail inmates in Maryland (11.4%); and was within the range of prison estimates (0.9%-2.2%). 19, 23, 25 Prevalent co-infections (38% HCV-positive and 50% HBV-positive among persons with HIV) suggest that correctional medical providers should be prepared for complex case management. Treating HBV and HCV infections among persons with HIV has become an increasing priority in HIV care. As the use of highly active anti-retroviral therapy makes many opportunistic infections less common and results in longer survival, liver disease progression resulting from HBV or HCV co-infection in HIV-infected patients becomes a more salient medical concern. 26 Given the high admission and release rates, prevalence of infections in jails is likely to reflect high incidence rates within segments of the community from which these individuals came. A study of reincarcerated women from 1996 through 1997 showed incidence rates of 18.2 and 12.2 per 100 person years for HCV and HBV, respectively, compared to the 1996 national rates of 1.4 and 4.0 per 100,000 population estimated using the National Notifiable Disease Surveillance System. 27 The majority of the participants' study time was spent in the community, leading the authors to conclude that new infections occurred in the community.
Only 12% of the study inmates had serologic evidence of hepatitis B immunization, a low rate compared with 25% self-reported hepatitis B vaccination coverage among the general U.S. population in 2000-2002. 28 Asians had the highest immunization coverage in all sites when compared to other race/ethnic groups, which probably reflects awareness of HBV infection risk among this population. Hispanics, who had equal risk to Asians for chronic hepatitis B in this study, had the lowest vaccination coverage, perhaps indicating a gap in awareness or access to vaccination. Including jails as venues for implementing hepatitis prevention activities should be a priority component to a comprehensive strategy to prevent and control viral hepatitis. National recommendations exist for prevention and control of HBVand HCV infection in correctional settings. 2 However, these recommendations are more likely to be implemented in longer-term facilities, since jails face multiple obstacles including limited health care staff, medical evaluation facilities and, most importantly, short duration of stays which often impedes initiation of the hepatitis B vaccination series and treatment. 2 Recommendations to administer hepatitis B vaccination regardless of an inmate's projected length of stay have been published to encourage vaccination even if it is not clear if the series can be completed. 2, 17 Studies have shown that achieving high vaccination coverage is both feasible and cost-effective and treating appropriately screened individuals has been considered a reasonable expenditure for correctional facilities. 15, [31] [32] [33] A recent Federal initiative to provide adult hepatitis B vaccine to a variety of health care venues will monitor implementation in correctional facilities and other venues to evidence the need and interest in vaccinating at-risk adults at these points of contact with medical care.
This study has a few limitations. First, 11% of the study population was not included due to missing stratification variables; we do not believe this bias was systematic, and there is no reason this should affect prevalence estimates. Second, we could have underestimated HBV and HCV infection prevalence, since we were not able to include HIV-infected inmates from Detroit, and because our requirement for 1.5 ml of sera might have systematically excluded some persons who inject drugs and may have less successful blood draws. Finally, study periods differed slightly by site, and these estimates date back to 1999-2000. However, few prevalence studies have been conducted in jail settings, and these data contribute substantially to the knowledge of hepatitis prevalence in jails.
This study found high levels of HCVand HBV infection and HIV co-infection in the three jails. Active and untreated HCV or HBV infection among jail inmates can lead to transmission in both civilian and incarcerated populations. Over 80% of the jail inmates had been previously incarcerated illustrating the close tie between civilian and incarcerated populations. Jails not only represent important venues for addressing current infection and disease but for also preventing viral hepatitis through vaccination. The finding that hepatitis B immunization coverage among jail entrants is lower than the general population despite this population's increased risk for infection, and the continuing inability of jail programs to procure sufficient funds and staff to implement successful vaccination programs, highlights the need to support vaccination in jail settings.
